C hronic heart failure is associated with a poor prognosis. More than 50% of patients with New York Heart Association (NYHA) class IV chronic heart failure die within 12 months, and 50% of all patients with chronic heart failure die within five years of diagnosis. 1 Although the prognosis has improved in recent years, in clinical practice survival is often worse than seen in trials, with three year survival rates of 38%, 2 and in one recent London study, 62% survival after one year. 3 Adverse prognostic markers in patients with chronic heart failure include age, severity of heart failure, diabetes mellitus, left ventricular dysfunction, specific aetiologies of heart failure, raised creatinine, relatively lower systemic arterial pressure, neurohormonal activation, and the presence of certain ambient arrhythmias. 4 5 There is a difference between the underlying cause of death (for example, pump failure) and the immediate circumstances of death or the mode of death (sudden unexpected death, myocardial infarction related death, etc). Although much is known about the degree of risk associated with each prognostic factor in chronic heart failure, there is less information on the relation between the cause of death and the mode of death. Investigation of the factors associated with different modes of death could be a first step in developing predictors of modes of death in heart failure. If physicians are to be able eventually to use prognostic factors to guide treatment decisions, it is important to differentiate between factors causing increased mortality and factors that are simply markers of a worse prognosis. 4 The latter typically are markers of disease severity rather than therapeutic targets in their own right. For instance, improving haemodynamic variables-such as the left ventricular ejection fraction-was expected to have a beneficial effect on survival. In controlled trials, this has not been substantiated. Positive inotropes, such as phosphodiesterase inhibitors, increased left ventricular ejection fraction but reduced survival. 6 Results of the ATLAS (assessment of treatment with lisinopril and survival) clinical trial of the angiotensin converting enzyme (ACE) inhibitor lisinopril have provided detailed data on the circumstances of death in patients with chronic heart failure. [7] [8] [9] We have been able to identify which deaths were from cardiovascular causes, and, within that group, which deaths were classified as sudden unexpected deaths and which were caused by progressive chronic heart failure.
Competing risks analysis is an established statistical technique which is appropriate when the intention is to distinguish between multiple prognostic indicators. 10 11 Therefore, competing risks analysis has been undertaken on the ATLAS database to identify potential prognostic factors, including the dose of lisinopril, and to investigate the contributing hazard or risk of each of these factors for each mode of death. It was anticipated that some factors would have a link with particular modes of death, and that patterns of factors might be recognisable that could be used to predict the likely mode of cardiovascular death in different patient groups.
METHODS
Details of the trial design 7 and the main results 8 of the ATLAS study have been published.
Study design and treatments
ATLAS was an international multicentre trial of lisinopril in patients with chronic heart failure. A short open label tolerability period was followed by a double blind dose titration period and a double blind treatment maintenance period. In all, 3164 patients with mild, moderate, or severe chronic heart failure (NYHA class II-IV) were randomised to once daily treatment with either high dose (32.5 or 35 mg) or low dose (2.5 or 5 mg) lisinopril (Zestril; AstraZeneca, Macclesfield, UK). The trial was conducted between October 1992 and September 1997. The follow up period was 39-58 months, with a median of 46 months. With the exception of other ACE inhibitors, concomitant drug treatment was permitted throughout the active treatment period. The primary trial end point was all cause mortality. Although several secondary end points were prespecified, the major secondary end point was combined all cause mortality and all cause hospital admission. Mode of death and reasons for hospital admission were documented by the investigator, and the mode and cause of death were adjudicated by the end point committee.
Study population
The demographics and baseline patient characteristics for the ATLAS trial are summarised in table 1. The treatment groups were well balanced for the variables used in the competing risks analysis. Most patients had moderately severe congestive heart failure, with 77% in NYHA class III. The mean ejection fraction was 22.6%. Approximately 89% of the patients had previously received treatment with an ACE inhibitor.
Methods of end point committee
Deaths during the trial were adjudicated by a two member end point committee. Relevant information was collected on end point event forms and supporting documentation was sent simultaneously to the two end point committee members without details of the randomised treatment (fig 1) . The supporting documentation included copies of case record forms, necropsy reports, death certificates, hospital notes, and 12 lead ECG recordings. If the committee members disagreed about the mode of death, the case was discussed at a meeting and further information could be requested from the investigator. If agreement was still not reached, the death was recorded as unclassifiable.
Deaths were classified as either cardiovascular or noncardiovascular. Cardiovascular deaths were subdivided into sudden unexpected death, heart failure death, myocardial infarction related death, and other cardiovascular deaths (which included pulmonary embolism, peripheral thromboembolism, stroke, deaths related to a vascular procedure, or major cardiovascular event not otherwise specified). Sudden death included observed arrhythmic deaths and sudden deaths not attributable to intractable myocardial infarction or any other identifiable cause. These deaths were also recorded as "witnessed" or "unwitnessed". Patients with sudden loss of consciousness who were resuscitated but later died were described as having a sudden death. Non-cardiovascular death and other causes of cardiovascular death, such as pulmonary embolism and myocardial infarction related death, were not analysed separately because of the small numbers in each group.
Death from chronic heart failure included patients with intractable heart failure for the purposes of this study, even if the terminal event was an arrhythmia. 9 There is a high correlation between out of hospital death and death classified as sudden cardiac death by end point committees. 12 13 Inpatient deaths represent a more mixed picture of sudden and progressive heart failure death. Accordingly, out of hospital death was used as an objective surrogate marker of sudden cardiac death. 14 15 The exception to this was in the small number of cases where a patient with advanced heart failure chose to remain at home to die; these out of hospital deaths were, in the main, from heart failure and were classified separately. Transplantation was classified as cardiovascular death from chronic heart failure. Transplant details were declared by the investigator but not classified by the end point committee.
Confirmatory competing risks analyses were based on two complementary, objective classifications of death and compared for end point committee designated sudden cardiac death and out of hospital death.
Measurement and classification of data
The following groups of measurements were used to characterise patients for the competing risks analysis of mode of death: patient characteristics (age, sex, history of ischaemic heart disease), haemodynamics (left ventricular ejection fraction, NYHA class (classes III and IV were combined), systolic blood pressure, diastolic blood pressure, and heart rate), laboratory variables (serum sodium, potassium, creatinine, and haemoglobin), and drugs being taken at randomisation (antidiabetic agents, aspirin, β blockers, previous ACE inhibitors, long acting nitrates, short acting nitrates, antiarrhythmic agents, calcium channel blockers, and anticoagulants/ warfarin). The antiarrhythmic drugs taken (by 9.7% of patients at randomisation) included amiodarone (93% of patients receiving antiarrhythmics), aprindine, bretylium tosilate, disopyramide, flecainide, propafenone, and tocainide.
The data collected were either continuous (age, left ventricular ejection fraction, blood pressure, clinical chemistry) or discrete (sex, history of ischaemia, drugs at randomisation). Mean levels of the covariates used in the competing risks analysis are shown in table 1.
Competing risks analysis
Competing risks analysis is an appropriate technique when it is of interest to distinguish between different modes of death and treat them separately in a model. Each mode of death is looked at in turn and all other modes of death are censored in the Cox proportional hazards model, using multivariate analysis. This is appropriate because a patient dying from progressive heart failure, for example, is no longer at risk for any other mode of death. This type of analysis can distinguish the effect of baseline covariates both within and between different modes of death. Multivariate analysis was used to adjust for prognostic factors, but within a category, factors were not adjusted owing to the potential correlation (for example, drugs at randomisation were not adjusted for other drugs at randomisation).
RESULTS

Classification of cardiovascular deaths
There were 1383 deaths in the study group: 1224 cardiovascular deaths, 146 non-cardiovascular deaths, and 13 deaths which could not be classified owing to lack of information. The end point committee reached the following conclusions on the mode of cardiovascular deaths: 589 sudden deaths, 445 chronic heart failure deaths (including 39 transplants), 97 myocardial infarction related deaths, and 93 other cardiovascular deaths. There were 729 deaths in hospital, of which 309 were from chronic heart failure and 149 were sudden, and 607 out of hospital deaths, of which 97 were from chronic heart failure and 439 were sudden. In 47 cases the location of death was not reported. In-hospital and out of hospital deaths, and sudden versus chronic heart failure deaths, are shown in table 2.
Interpretation of competing risks analysis table for mode of death
The results of the competing risks analysis for mode of death in the ATLAS study are shown in table 3, where hazard ratios of different prognostic factors for each mode of death are given. The data can be interpreted both horizontally (to show the effect of individual indicators on each mode of death) and vertically (to establish a pattern of indicators that may be associated with a certain mode of death).
It should be noted that "all cardiovascular mortality" is a subset of "all cause mortality" and that both "sudden death" and "chronic heart failure death" are subsets of "all cardiovascular mortality". The hazard ratio for a continuous covariate can be interpreted by calculating the estimated percentage change for each unit increase in the covariate. For hazard ratios > 1, a unit increase in the covariate will increase the risk of the event. For hazard ratios < 1, a unit increase in the covariate will decrease the risk of the event. For example, for systolic blood pressure the hazard ratio is 0.996 for all cause mortality. The percentage change is (1/−0.996) × 100 = −0.4. Therefore, for each 1 mm Hg increase in systolic blood pressure the hazard of death goes down by an estimated 0.4%.
Unless stated otherwise, all results mentioned in the text are significant. Table 3 shows whether certain hazard ratios were statistically significant, but does not imply statistical differences between the various predictive factors. The results illustrate a group of factors strongly associated with different modes of death, but make no inference about differences between individual factors.
All cause mortality
Increased mortality was related to increasing age, male sex, the presence of ischaemic heart disease, increasing heart rate, increasing plasma creatinine, and long acting nitrates or ACE inhibitors at randomisation. The risk of death from any cause was lower in patients with a higher ejection fraction, a higher systolic blood pressure at baseline, and those taking aspirin or β blockers at randomisation.
Markers associated with an increased risk of sudden death The risk of sudden death increased with increasing age, the presence of ischaemic heart disease, increasing plasma creatinine, and in those taking long acting nitrates or ACE inhibitors at randomisation. There was also a trend towards a higher risk with male sex but this did not reach significance.
The risk of sudden death was lower in patients with a high ejection fraction and those taking β blockers or antiarrhythmic agents at randomisation.
Markers associated with an increased risk of death from heart failure There was an increased risk of death from chronic heart failure with increasing age, with the presence of ischaemic heart disease, and in patients with more severe chronic heart failure and neurohormonal activation at baseline-for example, in those patients with decreased left ventricular ejection fraction, increased NYHA score (not significant), and increased heart rate. Decreased serum sodium, which may reflect the use of higher doses of diuretics, increased serum creatinine, and decreased haemoglobin were associated with increased risk. The use of antiarrhythmic drugs was related to an increased risk of chronic heart failure death.
Comparison of markers of increased risk of sudden death and death from chronic heart failure Several markers were associated with increased risk of both sudden and chronic heart failure death-for example, age, increasing serum creatinine, and the presence of ischaemic heart disease; however, all reached a greater level of significance for death from heart failure than for sudden death.
Increased heart rate was associated with increased risk of death from chronic heart failure but not of sudden death. Increased systolic blood pressure, serum sodium, and haemoglobin were associated with a lower risk of both chronic heart failure death and sudden death; however, these variables were significant only for reduced risk of chronic heart failure death. Drug use at randomisation was associated with different modes of death. The use of long acting nitrates or ACE inhibitors at randomisation was associated with an increased risk of sudden death but not of chronic heart failure death. The use of antiarrhythmic agents was associated with an increased risk of chronic heart failure death and a reduced risk of sudden death (amiodarone was used in 93% of cases).
The use of aspirin was associated with a reduced risk of chronic heart failure death but had no effect on the risk of sudden death. The use of β blockers was associated with a reduced risk of sudden death but not of chronic heart failure death.
Similarities between risk markers "All cardiovascular mortality" is a combination mainly of sudden death and chronic heart failure death, with a small contribution from "other cardiovascular deaths". "All cause mortality" is a combination of "all cardiovascular deaths" with a small contribution from "non-cardiovascular deaths". Thus the factors that will influence both "all cardiovascular deaths" and "all cause mortality" will predominantly be those influencing sudden death and chronic heart failure death in the same direction. These factors included increasing age, history of previous ischaemic heart disease, decreased left ventricular ejection fraction, and increased serum creatinine.
Objectivity of end point committee decisions
The classification of in-hospital or out of hospital deaths from the ATLAS trial shows that most sudden deaths were out of hospital, whereas deaths from chronic heart failure were usually in hospital (table 2). Table 3 shows that out of hospital deaths were associated with similar factors to sudden death. Prognostic indicators for out of hospital deaths (as classified by ATLAS clinical report forms) and sudden death (as classified by the end point committee) correlated in 19 of 22 factors in the competing risks analysis (table 3). These data suggest that the end point committee assessment was objective.
DISCUSSION
In the ATLAS study a high dose (32.5 or 35 mg once daily) of the ACE inhibitor lisinopril, compared with a low dose (2.5 or 5 mg once daily), reduced the combined end points of "all cause mortality and all cause hospital admissions" (p = 0.002) as well as "all cause mortality and hospital admission for heart failure" (p < 0.001). 8 The high dose of lisinopril was well tolerated. 8 16 The analysis reported in this paper has identified factors associated with all cause mortality, and with death classified as "sudden" or as a result of progressive heart failure. Although these associations result from observational rather than randomised evidence, they provide a useful starting point for the development of prognostic indices for mode of death. If the mode of death could be predicted from a single subset of clinical variables, Table 3 Competing risks analysis hazard ratios and level of significance for hazard ratios of prognostic factors for all cause mortality, all cardiovascular mortality, sudden death, and chronic heart failure death *Represents a significant hazard ratio (1:0) at p < 0.05. **Represents a significant hazard ratio (1:0) at p < 0.001. ***Represents a significant hazard ratio (1:0) at p < 0.0001. †Antiarrhythmic drugs were received by 9.7% of patients at randomisation and included amiodarone (93% of patients receiving antiarrhythmics), aprindine, bretylium tosilate, disopyramide, flecainide, propafenone, and tocainide. ACE, angiotensin converting enzyme; BP, blood pressure; CHF, chronic heart failure; H, high dose lisinopril; L, low dose lisinopril; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
then in the future specific treatments could be tested in identifiable subgroups of patients with heart failure who are at risk of certain modes of death.
As a proportion of all deaths classified, sudden death made up 48% of deaths in the ATLAS study, compared with 32-34% in other studies of ACE inhibitors in chronic heart failure. 14 This difference may reflect the classification system used by the end point committee in the ATLAS study, or differences in the aetiology of heart failure or the populations studied. 16 17 Sudden death is notoriously difficult to define, but is usually thought of as a death attributable to an opportunistic arrhythmia.
The mode of death should be distinguished from the cause of death, 14 18 and such an analysis has been conducted in this study. In some studies the classification of mode of death, especially sudden death, has been inconsistent and discordant between observers. 19 In the ATLAS study, classification of mode of death was undertaken by an independent two member end point committee which reviewed the data for all patients and determined the mode of death; this allowed greater consistency.
The factors associated with cardiovascular death were similar to those associated with death from all causes (all cause mortality), because cardiovascular deaths made up the majority of all deaths.
Competing risks analysis shows that the factors associated with particular modes of death include those indicative of the extent of damage to heart muscle (left ventricular ejection fraction) and the body's metabolic response to diminished cardiac function (sodium and creatinine concentrations), heart rate, and certain previous drugs treatments.
Death from chronic heart failure in the ATLAS study was associated with an overlapping but slightly different subset of predictive factors compared with sudden death; ischaemic heart disease was associated with both modes of death. In general, death associated with progressive chronic heart failure was linked with the symptoms and features of worsening heart failure (NYHA classification, tachycardia, reduced renal function, low ejection fraction), whereas sudden death was associated with a low ejection fraction and treatment with long acting nitrates or ACE inhibitors. Antiarrhythmic treatment (not including β blockers) was associated with a reduced risk of sudden death but an increased risk of death from chronic heart failure. In previous studies, antiarrhythmic agents increased death rates. 20 For this reason, flecainide and encainide were not included in this study protocol, although a small number of patients received these agents. Amiodarone reduces mortality from sudden death in chronic heart failure, and, unlike other agents, does not increase overall mortality. 21 There is controversy over the use of aspirin in heart failure. Aspirin and ACE inhibitors may have opposing effects on prostaglandins and therefore may interact negatively. 22 Aspirin also attenuates the effects of ACE inhibitors in heart failure. 23 24 Some studies on the use of aspirin in heart failure have shown a deleterious and some a beneficial effect. [25] [26] [27] [28] In the ATLAS study, aspirin use was associated with a reduced risk of all cause mortality, cardiovascular mortality, and death from chronic heart failure, but not a reduced risk of sudden death. This effect was observed in both the high dose and the low dose lisinopril groups, and there is no evidence to suggest that comparisons between the high and low dose groups were affected by whether the patients were taking aspirin.
High dose lisinopril produced a trend to improved survival 8 and was associated with a reduced risk for all modes of death in this analysis (table 3) , although significance was not achieved. These data are supported by safety and tolerability data, which show that high dose lisinopril was as well tolerated as low dose lisinopril, 16 even in high risk subgroups such as diabetic patients and the elderly. 29 The technique of competing risks analysis has been used previously in studies of surgical treatment of coronary disease. 11 It has also been used in a small study of bisoprolol in which a subgroup of patients with advanced heart failure was shown to gain more benefit from treatment than other patients. 30 This is the first large chronic heart failure study in which the technique has been used. As with any statistical technique, the advantages and limitations of the methodology have to be considered in evaluating the data analysed. In performing the competing risks analysis many subanalyses of the data were undertaken to evaluate the numerous variables identified in table 3, increasing the chance of a significant p value. In this paper we have identified trends as well as significant values in recognition of the fact that with many subanalyses, significance is less powerful. In addition, the different numbers of patients in each group will affect the significance of the results.
While this analysis provides valuable information on associations between risk factors and mode of death, the trial design does not permit any inferences about causal relations between risk factors and mode of death. However, the statistical associations allow the description of sets of clinical characteristics linked, causally or otherwise, with given patient outcomes. The apparent increase in mortality risk with age is unsurprising, and the association of low systolic blood pressure and chronic heart failure death confirms previous reports. 3 31 In addition, the association of ischaemic heart disease with both chronic heart failure death and sudden death tends to confirm the results of Uretsky and colleagues, in which unrecognised myocardial infarction was often found to precede both modes of death. 9 The data from this analysis of the ATLAS study have implications for the choice of treatment of patients with chronic heart failure and also for the development of new treatments for this condition. Identification of subgroups of patients whose mode of death can be predicted may allow improved medical management, although in the case of sudden death it may be necessary to subdivide the patients further into those in whom the cause is primarily electrical and those in whom vascular disease is the most important factor. 17 The wider use of competing risks analysis is beyond the scope of this paper, but the analysis reported here may provide the basis for the development of computer based predictive models to estimate an individual patient's risk of a particular mode of death. 30 
Conclusions
The use of competing risks analysis on the data from the ATLAS study has identified variables associated with certain modes of death in patients with heart failure. While there is quite an overlap in predictive markers, in general death from progressive heart failure is associated with several markers of more severe left ventricular dysfunction and neurohormonal activation, as well as ischaemic heart disease, whereas sudden death is most closely related to markers of ischaemic heart disease. This approach to analysing outcomes may in the future enable us to predict which patients might benefit most from particular therapeutic interventions. Catheter ablation of sinoatrial re-entry tachycardia in a 2 month old infant T Simmers, N Sreeram, F Wittkampf Successful catheter ablation of sinoatrial re-entry tachycardia in an infant has not been previously reported. This procedure is described in a 2 month old boy with tachycardia induced cardiomyopathy.
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Sisters with atypical Fabry's disease with complete atrioventricular block Y Doi, G Toda, K Yano A 56 year old woman with severe right heart failure and complete atrioventricular block was referred to hospital for further examination. Symptoms and signs suggestive of Fabry's disease, such as corneal opacities, acroparaesthesias, hypohidrosis, and angiokeratoma, were not noted. Echocardiography showed a diffuse hypertrophic left ventricular wall and paradoxical movement of the interventricular septum. Cardiac catheterisation showed restrictivetype ventricular dysfunction. Left ventricular endomyocardial biopsy showed central vacuolar degeneration of myocytes with inclusion bodies, which had a concentric lamellar configuration under electron microscopy. This finding is specific for Fabry's disease. The patient's elder sister had experienced an almost identical clinical course and histological findings of myocardial cells on necropsy. In conclusion, two sisters were encountered displaying interesting cases of atypical Fabry's disease. Symptoms began with complete atrioventricular block and histological myocardial findings were specific for Fabry's disease.
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